Abstract. Hadro-production data on charm and beauty absolute cross-sections, collected by experiments at CERN, DESY and Fermilab, are reviewed. The measurements, corrected for the 'time evolution' of the branching ratios, are compared to calculations done with Pythia, as a function of the collision energy, using the latest parametrizations of the parton densities. We then estimate some charm and beauty production cross-sections relevant for future measurements, including nuclear effectes in the PDFs. We finish by briefly addressing the relevance, in heavy-ion collisions, of beauty production as feed-down for J/I/A production.
In the near future, several heavy-ion experiments (at the SPS, RHIC and LHC) will be sensitive to the production of open charm and open beauty production. It is, therefore, timely to review what is known today about production yields and estimate what can be expected for these future measurements.
The data used in this study were obtained with proton and pion beams at energies from £ lab = 200 to 920 GeV and from ^/s = 0.63 to 1.96 TeV, being summarized in Table 1 . The reported beauty production values refer to a global mixture of beauty hadrons, mostly measured by looking at high p T single muons, dimuons or even trimuons, except for CDF which gives B" 1 " cross-sections. While most experiments had full coverage in the positive JC F region, the E789 experiment covered a rather small window. All experiments using nuclear targets assumed a linear dependence of heavy flavour production on the mass number of the target nucleus, to derive the cross-section per nucleon. The different measurements on charm production cross sections were normalized to common branching ratios, using the PDG 2002 tables [1] , to remove the 'time evolution' of these values. We have also updated the systematic errors of the published values, to reflect the smaller uncertainties of the most recent branching ratios. If the D mesons were searched in more than one decay channel, the performed corrections were weighted according to the number of observed events in each of the channels. While the data on D meson production collected with pion beams were published for the positive JC F range, data obtained with proton beams were mostly published for the full JC F range. To ease their comparison, all measurements were normalized to the positive JC F range. The very recent CDF charm measurement was done for /? T > 5.5 GeV/c.
After having collected the available charm and beauty cross-sections we can compare their ^ dependence with calculations performed with Pythia [26] , a Monte-Carlo event generator used by many experiments. The calculations used version 6.208, with its default settings. In particular, the c and b quark masses are 1.5 and 4.8 GeV/c 2 , respectively. The neutral and charged D meson production cross-sections in n~p and pp collisions are compared in Fig. 1 with the Pythia curves obtained with different PDFs [27] . After normalizing the curves to the data (not including the CDF point), fitting an empirical K-factor, none of the curves can be excluded.
While in pion induced collisions the D + /D~ and D°/D° data require similar K-factors, of around 1.5, in p-A collisions the calculated charged D meson cross-sections are much lower than the measured values. Figure 2 (left) shows the charged to neutral D meson ratio measured in proton induced reactions. Their average is two times higher than the value given by Pythia, 0.32, and expected assuming equal production probabilities of the D and D* states and using known D* branching ratios. It is worth noting that the data collected with pion-induced collisions do not show such a strong discrepancy. Figure 3 shows the energy dependence of the total cc production cross-section, derived by adding the measured neutral and charged D meson values, and considering that the production of other charmed hadrons (A c , D 5 , etc) is 20 % of the total yield. Before being included in this figure, the CDF value was extrapolated down to zero /? T , using the distributions given by Pythia with the (&j) parameter varied between 1 and 2 (GeV/c) 2 . An error of 40 % was added to account for the uncertainty in this extrapolation. Once Pythia is normalized to the available data we can estimate the charm production cross-sections for any other energies. The five curves that go below the CDF data point represent LO calculations (pure gluon fusion andannihilation) while the four higher curves include initial and final state parton showers, gluon splitting and flavour excitation, also simulated within Pythia.
For RHIC energies, ^/s -200 and 500 GeV, the curves indicate cc cross-sections (per nucleon-nucleon collision) clustering around ~ 1 and ~ 3 mb, respectively, but with uncertainties around 100%. For the NA60 experiment [28], the spread in the curves is much smaller, giving ~ 5 jub and 20 jub, respectively for In-In collisions at E lab = 158 GeV and p-A collisions at 400 GeV. Anti-shadowing of the PDFs was included using the EKS 98 model [29] . Figure 4 shows the few available measurements of beauty production cross-sections in pion (left) and proton (right) induced collisions. Unfortunately, the data points are considerably spread around, with factors of 5 between measurements made at essentially the same energy (NA10 and WA78; E771 and E789). To minimize the number of standard deviations between the data points and the normalized curves, the pion induced collisions prefer K-factors below 1.4 while the proton data can accomodate values between 1 and 3. Therefore, rough estimates for the bb production cross-sections, per nucleon-nucleon collision, for the heavy-ion collider experiments are ~ 2 jub at RHIC and ~ 350 mb at the LHC. These values include nuclear effects in the PDFs, assuming Pb colliding nuclei. Clearly, better data is needed in the beauty sector, including a measurement of the nuclear effects in proton-nucleus collisions.
At collider energies, beauty production is a very important source of J/iy mesons. CDF observed that beauty decays represent more than 15 % of the total J/I/A yield [30] , at T/S = 1.8 TeV, and for J/I/A mesons of /? T above 5 GeV/c. Since beauty production is expected to scale linearly with the mass number of the colliding nuclei, while J/I/A production scales as A 0 -92 , due to the normal nuclear absorption, in Au-Au collisions the relative fraction of J/I/A mesons resulting from beauty decays should be 2.3 times higher. If direct J/1//" production is further suppressed in heavy-ion collisions (NA50 measured a factor 2 in central Pb-Pb collisions at the SPS), beauty production might account for more than 50 % of the observed J/I/A yield, maybe already at RHIC energies. This observation underlines the importance of upgrading the RHIC experiments with vertexing detectors, in view of a proper interpretation of the measured J/I/A suppression pattern.
